Purpose: Tumor infiltrating lymphocytes (TILs) have been extensively described in antitumor immunity, but their functional alterations in the immunoediting processes during neoplastic progression in the uterine cervix are still not clear. Our aim was to gain insight into cervical tissue T cell populations, determine if there are any differences in the localization and quantity distribution of T lymphocytes, and to evaluate their role in disease regression or progression in the cervical neoplastic milieu. Patients and methods: Serial section analysis of immunohistochemically stained CD4 and CD8 lymphocytes was performed on a total number of 72 samples, categorized into four cohorts: 23 HPV non-infected (HPV-) normal cervix, 20 HPV infected (HPV+) normal cervix, 17 HPV+ low grade cervical intraepithelial neoplasia (CIN), and 12 HPV+ high grade CIN. Results: Low infiltrating lymphocytes (ILs) in normal cervix and high ILs in CIN were observed, while the trend of ILs increased with increasing grade of CIN, which was statistically significant (P<0.0001). Quantitative and localization analysis between the subsets of T cells showed that, in the epithelial layer, infiltrating CD8+ lymphocytes (CD8+ ILs ) were significantly higher than CD4+ ILs in HPV+ normal cervix, while the trend decreased with increasing grade of CIN (P=0.011). Whereas, in the stromal layer, CD4+ ILs were predominant in all study groups and no statistical difference was found between these groups. However, tumor infiltrating CD8+ lymphocytes (CD8+ TILs ) were noted to be significantly higher than CD4+ TILs in severe dysplastic cases. Conclusion: T cell infiltrates were predominant as the grade of the lesion progressed into more advanced lesions, which likely represent the lesions that have persisted over time. The variation in the infiltration rate and the location of CD4+ ILs and CD8 ILs may suggest the efficacious role of CD8 T cells in eliminating HPV infected cervical epithelial cells and also provides insight into the complex role of TILs in facilitating and mediating sustained antitumor responses, hence preventing tumor outgrowth.
Introduction
Cervical cancer is the second most commonly diagnosed cancer and third leading cause of cancer death among females in less developed countries. Over the past 40 years, cervical cancer rates have decreased by as much as 65% in several Western countries, where screening programs have long been established to detect precancerous cervical lesions that can be treated successfully. 1 In developing countries, due to limited access to effective screening programs, cervical neoplasia is often identified at an advanced stage with symptoms, resulting in a higher rate of mortality from cervical cancer. 2, 3 In Nepal, it is consistently number one disease of incidence and mortality. Persistent infection with HPV is a known etiological factor in the development of cervical intraepithelial neoplasia (CIN) and cervical cancer. As reported by the Information Center on HPV and Cancer, Nepal reports a prevalence of HPV type 16 and or HPV type 18 among women with low grade squamous intraepithelial lesion (LSIL), high grade squamous intraepithelial lesion (HSIL), and cervical cancer of 30.2%, 63.4%, and 80.3% respectively. [4] [5] [6] [7] However, the latency period between primary infection and the appearance of cervical dysplasia is lengthy, which suggests that additional factors are involved in disease progression. 8 Among the factors that influence the probability of a cervical HPV infection becoming persistent, cell-mediated immunity of an individual is considered to be an important mechanism in protection against the virus and elimination of virus-infected cells. 9, 10 Tumors possess a variety of cell membrane-bound antigens, recognized as non-self by the immune system which stimulate a cytotoxic immune response characterized by CD4, CD8, antigen-presenting cells, and other lymphoid elements' infiltration. [11] [12] [13] [14] [15] These infiltrating cells are recognized as a response by immune surveillance mechanisms designed to inhibit tumor growth and spread. 11, 15, 16 tumor infiltrating lymphocytes (TILs), mainly CD4 and CD8 T cells have been extensively described in anti-tumor immunity and knowledge of CD4 and CD8 T lymphocytes' interplay in mediating the control of tumor growth exists. 17, 18 However, little is known about the functional alterations of these T cell subsets in the immunoediting processes during neoplastic progression in the cervix. Also, to our knowledge, there is limited information regarding the distribution and localization of these molecules in CIN. Based on the speculation that the activation of a specific immune response may be reflected in the increase or decrease in the number of infiltrating subtypes of T cell in the site of the HPV infected precursor lesions, we focused on accurately determining the quantity (cells/mm 2 ) of CD4+ T cells and CD8+ T cells in HPVnormal cervix, HPV+ normal cervix, and HPV+CIN of different grades.
Materials and methods

Study participants and procedures
After obtaining ethical approval from Nepal Health Research Council, Nepal and Department of Gynecological Oncology, Second Clinical College of Wuhan University, People's Republic of China, the study participants were recruited from the different mobile cervical cancer screening clinics and Karnali Academy of Health Science conducted in Jumla, Nepal in 2016 and 2017. The screenings consisted of Papanicolaou smear and visual screening tests. The details of the screening tests were described in our previously published article. 19 Briefly, samples were collected for cytology and punch biopsies from areas in the cervix assessed by visual inspection with acetic acid and/or visual inspection with Lugol's iodine and regarded as abnormal. Biopsy specimens were fixed in 10% formalin and sent to the pathologist. Samples were not collected from women if they were menstruating on the day of enrollment. The women had negative cytology reports for intraepithelial lesion or malignancy, inflammatory, atypical squamous cells of undetermined significance, LSIL or HSIL. The histopathological results were defined as chronic cervicitis, normal cervix, low grade dysplasia (CIN I) or high grade dysplasia (CIN II-III) based on a consensus review by two experienced pathologists. Biopsy report is the gold standard for defining final disease status. HPV sampling was obtained from the women at the second visit for follow-up. Finally, 72 study participants were enrolled, classified into four groups: i) 23 HPV-normal cervix; ii) 20 HPV+ normal cervix; iii) 17 HPV+ low grade CIN; iv) 12 HPV+ high grade CIN. Participants with the following conditions were excluded from the study: pregnancy, women with any signs and symptoms of sexually transmitted infections, cytology-and/or biopsy-proven cervicitis tissues, any other neoplastic diseases, immunocompromised state and those under any anti-inflammatory or immunosuppressive treatment. The study was carried out according to the Declaration of Helsinki. All participants gave written informed consent.
PCR for HPV DNA typing
Cervical cells were collected using cytobrush (Hybribio ® Limited, People's Republic of China) from the eligible women who were followed up for our previous screening test (cytology) report. DNA extraction and HPV genotyping were analyzed, as described in detail elsewhere. 20 Briefly, DNA was extracted in Intrepid Cancer Diagnostics, Kathmandu from the cervical samples using the QIAamp DNA Mini kit (Qiagen NV, Venlo, the Netherlands) according to the manufacturer's instructions. The presence of HPV DNA was primarily confirmed by HPV consensus PCR using PGMY09/PGMY11 designed primers to amplify a fragment of the HPV L1 gene visible at 450 bp and human leukocyte antigen (HLA) band at 230 bp as described in "Human papillomavirus laboratory manual" published by the World Health Organization. 21 Detection of HLA confirmed that the samples contained a sufficient quantity of DNA. To limit to only HPV positive samples, gel electrophoresis analysis was performed and further HPV genotyping was analyzed by membrane hybridization (21 HPV GenoArray Diagnostic Kit, Hybrobio ® Limited, People's Republic of China) to detect the following 21 HPV types: HPV 6, 11, 16, 18, 31, 33, 35, 39, 42, 43, 44, 45, 51, 52, 53, 56, 58, 59 , 66, 68, 81 (equivalent to CP8304) according to the manufacturer's instruction. In this study, types 16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66 , and 68 were included as highrisk HPV (HR-HPV) and remaining HPV types were considered as low-risk HPV. 22 
Immunohistochemistry
Immunohistochemistry was performed using our previously published protocol. 23 Briefly, selected formalin-fixed paraffin-embedded sections were stained with antibodies against CD4 (rabbit monoclonal antibody, clone: EP204), CD8 (rabbit monoclonal antibody, clone: SP16), and p16INK4a (mouse monoclonal antibody, clone: 10). All the antibodies were bought from ZSGB-BIO, Beijing, People's Republic of China and were in prediluted form. The staining was visualized using 3,3′-diaminobenzidine substrate kit and counterstained with hematoxylin.
Immune cell quantitation
Serial section analysis for CD4 and CD8 was performed. Images were captured focusing on regions of interest (ROIs) using an OLYMPUS BX51 microscope and a DP72 OLYMPUS digital camera, using DP2-BSW imaging software (Olympus Corporation, Tokyo, Japan). ROIs were defined as: in normal epithelium, stroma immediately beneath normal epithelium, CIN 1/2/3 epithelium, and stroma immediately beneath CIN 1/2/3. Cytoplasmic immunoreactivity for CD4 and CD8 were semi-quantitated by consensus of two pathologists who were blinded to the clinicopathological data. Stained lymphocytes were quantitated by normalization against the area of the ROI (mm 2 ) and given a score of either 0 (≤5 lymphocytes), 1+ (6-50 lymphocytes), 2+ (51-99 lymphocytes) or 3+ (>100 lymphocytes). Cells that were scored as 1+ or 2+ were considered as low rate of infiltration and those scored 3+ were considered as high rate of infiltration.
Statistical analysis
Data analysis was performed using SPSS 20.0 (IBM Corporation, Armonk, NY, USA). Descriptive statistics were reported as frequency, mean, and percentage. OR and 95% CI were calculated using cross-tabulations to describe the association of potential risk factors with the rate of lymphocyte infiltration. χ 2 test was used to compare the expression level of CD4 and CD8 between the groups. All P-values resulting from the tests of significance were considered significant at P<0.05.
Results
Type-specific HPV distribution of study group
The type-specific HPV distribution of the study group is summarized in Table 1 . Seventy-two study participants were aged between 21 and 60 years (mean +SD, 37.57 +8.08). Thirty-four women (69.39%) were infected with HR-HPV, including multiple infections. The most common HR-HPV type was 16 (16.33%, 8/49) followed by 18 (10.20%, 5/49), and 39 (8.16%, 4/49).
Immunoreactivity score of CD4 and CD8 in study group
The immunoreactivity score of CD4 and CD8 in our study group is shown in Table 1 . Among 23 cases of HPVnormal cervix, CD4+ expression at score 1+ was noted in 19 cases (82.61%) and 2+ in four cases (17.39%). CD8 expression at score 1+ was detected in 21 cases (91.30%) and 2+ in two cases (8.7%). CD4 and CD8 expression at score 3+ was not observed in any of the cases.
According to high and low lymphocyte infiltration category, all 23 cases fell under low CD4 and CD8 infiltration ( Figure 1A and B) .
In a cohort of 20 HPV+ normal cervix, CD4+ and CD8+ expression at score 1+ was noted in 13 cases (65%), 2+ in four cases (20%), and 3+ in three cases (15%). Among 17 cases of HPV+ low grade CIN, CD4+ and CD8+ expression at score 2+ was noted in nine cases (52.94%) and ten cases (58.82%) respectively, 3+ in cases eight cases (47.06%) and seven cases (41.18%) respectively whereas, in HPV+ high grade CIN, all the cases showed a score of 3+ (100%).
Although the expression of CD4+ infiltrating lymphocytes (CD4+ ILs ) and CD8+ ILs fell under the same scoring range in most of the HPV+ cases, a significant difference was noticed in the quantity and the distribution location of CD4 ILs and CD8 ILs between epithelial and stromal region, which is reported in detail in the following section.
Association of infiltration rate of lymphocytes between HPV+ normal cervix and CIN of different grades
The association of infiltration rate of lymphocytes between HPV+ normal cervix and CIN of different grades is displayed in Table 2 . Low rate of ILs in normal cervix and high rate of ILs in CIN were observed, while the trend of ILs increased with increasing grade of CIN, which was statistically significant (15% vs 47.06% vs 100% respectively, P<0.0001).
Association of cervical pathology and potential risk factors with the rate of ILs Table 3 shows the univariate analysis of cervical pathology and potential risk factors with the rate of ILs. CIN is associated with high ILs and the difference in the rate of ILs between CIN and normal cervix was statistically significant (P<0.0001). Potential risk factors such as parity (>4) and contraceptive use were found to be associated with high ILs (P=0.005, 0.047 respectively) which is related to CIN.
Localization and quantity distribution of CD4 and CD8 in HPV+ normal and CIN group Table 4 shows the comparison of localization and quantity distribution between CD4 ILs and CD8 ILs in HPV+ normal and HPV+ CIN group. In a cohort of HPV+ normal cervix, CD8 lymphocytes were noticed predominantly in the epithelial region whereas, CD4 was mostly in the stromal region ( Figure 1C and D) . When the infiltrating CD4+ and CD8+ lymphocytes were counted separately in epithelial and stromal layer, we found that the number of CD8+ ILs was higher than CD4+ ILs cells in the epithelial layer (CD8 h , 70%) while the number of CD4+ ILs was higher than CD8+ ILs (CD4 h , 80%) in stromal layer. In low grade CIN group, ILs were significantly higher than in normal cervix ( Figure 1E and F) . When the subsets of TILs were counted separately in both regions, we found CD4 h in both epithelial and stromal layer (58.82% and 82.35% respectively). In high grade CIN, CD4 TILs and CD8 TILs were significantly higher than in low grade CIN ( Figure 1G and H) . Individual counting of the subsets of TILs in epithelial and stromal region showed CD4 h (66.67% and 75% respectively). Based on these results, we conclude that there was variation in the number of CD4 ILs and CD8 ILs in epithelial layer between normal cervix and CIN of different grades and this difference was statistically significant (P=0.011) whereas, no difference was noted in stromal layer as CD4+ ILs were predominantly noted in all three groups (P=0.779), though CD8 h could be noticed in severe dysplastic cases (Figure 2A and B) . 
Regression/progression of disease
Out of 17 low grade CIN cases, seven underwent cryotherapy and ten opted for follow-up in 6 months. Six months' follow-up data showed that of those patients who underwent cryotherapy, six patients were disease-free and one patient did not show up for follow-up, whereas of those patients who opted for follow-up, only one patient developed high grade CIN, seven patients were disease-free, and two did not show up for follow-up. Among 12 high grade CIN cases, loop electrosurgical excision procedure (LEEP) was done in eight cases; simple hysterectomy was done in four cases where the women already had a complete family. None of the patients showed recurrence on follow-up in 6 months. According to our second 6 months' follow-up data, seven low grade CIN participants who underwent cryotherapy were disease-free, one patient who opted for follow-up developed high grade CIN, and the remaining six patients were disease-free. None of the high grade CIN patients who underwent LEEP or hysterectomy showed recurrence.
Discussion
Only a small proportion of women infected with HPV develop cervical cancer and the risk of progression to malignancy is very high with persistent HPV infection. Host immune response seems to play a role in eliminating the viral infection and preventing cancer progression. 10 In this study, we characterized the subpopulations of T lymphocytes that infiltrate various grades of cervical neoplasia in immunocompetent women and focused on the density and the distribution location of infiltrating T cells to gain insight into cervical tissue T cell populations that could play a role in the regression or progression of dysplastic lesions.
In a cohort of HPV-and HPV+ normal cervical tissue, low CD4+ ILs and CD8+ ILs were noted. Though, a noteworthy difference that can be spotted between these two cohorts is, CD8+ cells were observed predominantly infiltrating the epithelial layer in HPV+ normal group, while this observation was not significant in HPV-normal group. Whereas, CD4+ cells were noticed predominantly in the stromal layer in both groups. When the cells were counted separately in epithelial and stromal regions, the number of CD8+ ILs were found to be higher than CD4+ ILs in epithelial layer in HPV+ normal group, suggesting that HPV infected non-neoplastic epithelial cells are highly susceptible to killing by CD8 T cells. However, the presence of CD4+ cells predominantly in the stromal layer cannot deny the efficacious role of CD4 T helper cells in priming cytotoxic CD8 lymphocyte.
In the CIN group, higher lymphocytic infiltration than in the normal cervix group was observed. Nonetheless, a progressive increase in the T cell infiltration was detected as the grade of the lesion progressed, and CD4 T cells were often aggregated into stromal clusters beneath the squamous intraepithelial lesions. However, no significant difference could be seen in the distribution location of CD8+ TILs between epithelial and stromal layer. Higher density of CD4+ TILs than CD8+ TILs in the stromal layer demonstrates the role of CD4 T cells in facilitating and mediating sustained anti-tumor responses which is far beyond the mere task of providing helper signals to CD8 T cells. But, the CD4 TILs predominance scenario in the stromal layer was reversed in severe dysplastic cases ie, a higher number of CD8 TILs than CD4 TILs was noticed, which is another substantial finding of our study.
Tumor outgrowth is mainly controlled by CD4 and CD8 T cells. 24 During tumor development, cancer immunoediting ensues with its three phases namely elimination, equilibrium, and escape. 25, 26 In HPV infected cervical milieu, the persistent occurrence of HPV infection initiates cellular transformation into nascent tumor lesions, stimulating CD4 and CD8 T cells and mediating an immune response specifically to eliminate these lesions, thus protecting the host from cancer. When the immune response is incapable of completely clearing the tumor cells during the elimination phase, it promotes the generation of tumor cell variants with decreased immunogenicity. Still, the ability of the immune system to maintain occult cancer in an equilibrium state exists. 27, 28 Though our follow-up cases are few in number, 60% of our low grade CIN cases who opted for follow-up every 6 months showed non-progression of the disease by 12 months, which reveals that the immune system is able to maintain the emerging cancer in an equilibrium state and prevent tumor outgrowth.
CD4 and CD8 lymphocytes in cervical cancer patients have been studied by others suggesting an altered CD4+ and CD8+ ratio in cervical cancer tissues, and peripheral blood might be of prognostic significance. 29 The number of CD8+ lymphocytes infiltrating cervical tumor mass was found greater than that of CD4+ lymphocytes in most of the cases in a study by Ghosh et al, 30 which corresponds to our finding where CD8+ TILs were higher than CD4+ TILs in severe dysplastic cases. Prayitno et al 31 showed expression of CD8+ and MHC-I in cervical cancer with HPV infection are in mild category indicating the importance of further research in cervical cancer immunology. A significant increment of CD3 lymphocytes in the epithelium and stroma of CIN III was discovered by Carrero et al, 32 suggesting a casual role of CD3 lymphocytes in disease progression. Bedoya et al 33 has reported that CD8+ T cells are more abundant than CD4+ and Foxp3+ cells in both the stroma and epithelium, regardless of CIN grade, though the difference was not found to be statistically significant. Based on the aforementioned contradictory studies, there is a need for further research on the expression of T cells and other molecules involved in the regulation of T cell responses and their implications in disease progression. Overall, in the current study, we showed that T cell infiltrates are predominant as the grade of the lesion progressed to more advanced lesions, which likely represent the lesions that have persisted over time. Cytotoxic CD8 T cell infiltrates appear to be principal effectors in eliminating HPV infected pre-neoplastic cervical epithelial cells and severe dysplastic cells, and are orchestrated by CD4 responses. Immune cells display a complex role facilitating and mediating sustained anti-tumor responses maintaining equilibrium phase, thus, preventing tumor outgrowth.
Conclusion
Although our present study provides IittIe insight into the true roles of T cell subsets in tumor progression, it offers an attractive research area to identify the cells and molecules involved in the regulation of T cell responses, which may serve as novel diagnostic and/or prognostic markers.
